Abstract-3-Hydroxy-3-methyl glutaryl coenzyme A reductase inhibitors have been reported to increase circulating bone marrow progenitor cells and variably improve global function in heart failure. The potential role of improved perfusion versus direct effects of statins on cardiac myocytes has not been established. We chronically instrumented swine with a left anterior descending artery (LAD) stenosis to produce chronic hibernating myocardium with regional contractile dysfunction in the absence of heart failure. Hemodynamics, function, perfusion, and histopathology were assessed in pigs treated for 5 weeks with pravastatin (nϭ12) versus untreated controls (nϭ10). Regional LAD wall thickening was depressed under baseline conditions (LAD 3.7Ϯ0.3 versus 6.6Ϯ0.3 in remote regions, PϽ0.01). It remained unchanged in untreated animals but increased from 3.8Ϯ0.6 to 5.2Ϯ0.5 mm after pravastatin (PϽ0.01). There was no increase in myocardial perfusion at rest or during vasodilation. Pravastatin mobilized circulating CD133 ϩ /cKit ϩ bone marrow progenitor cells and increased myocardial tissue levels (LAD CD133 ϩ cells from 140Ϯ33 to 884Ϯ167 cells/10 6 myocyte nuclei and cKit ϩ cells from 223Ϯ49 to 953Ϯ123 cells/10 6 myocyte nuclei). Pravastatin increased myocytes in mitosis (phospho-histone-H3; 9Ϯ5 to 43Ϯ7 nuclei/10 6 myocyte nuclei, PϽ0.05) and the growth phase of the cell cycle (Ki67; 410Ϯ82 to 1261Ϯ235 nuclei/10 6 myocyte nuclei, PϽ0.05) in diseased but not normal hearts. As a result, pravastatin increased LAD myocyte nuclear density from 830Ϯ41 to 1027Ϯ55 nuclei/mm 2 (PϽ0.05). These data indicate that, in the absence of impaired endothelial function and heart failure, dysfunctional hibernating myocardium improves after pravastatin. This effect is independent of myocardial perfusion and related to mobilization of CD133 ϩ /cKit ϩ bone marrow progenitor cells which stimulate myocyte proliferation resulting in quantitative increases in myocyte nuclear density. Preclinical studies have demonstrated that EPCs can arise from bone marrow and incorporate into the vascular wall. 5 Some studies have also demonstrated the ability of bone marrow progenitor cell (BMPC) populations to differentiate into cardiac myocytes. 6,7 Several small randomized clinical studies have demonstrated objective increases in myocardial function after statins 8,9 but this may not be a class effect. 10 Although angiogenesis could play a role in some of these actions, improvements in myocardial function have also been demonstrated in nonischemic cardiomyopathy.
A lthough 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) reductase inhibitors were originally developed as lipid-lowering drugs and were demonstrated to retard the progression of atherosclerosis and improve endothelial function, pleotrophic actions of statins may be of equal importance in reducing death and disability from cardiovascular disease. Statins have been shown to have antiinflammatory, antihypertrophic, and proangiogenic actions that may favorably impact ventricular function independently of their actions on stabilizing and/or regressing atherosclerotic lesions. 1, 2 In addition, statins have been demonstrated to mobilize endothelial progenitor cells (EPCs) into the circulation in humans and animals. 3, 4 Preclinical studies have demonstrated that EPCs can arise from bone marrow and incorporate into the vascular wall. 5 Some studies have also demonstrated the ability of bone marrow progenitor cell (BMPC) populations to differentiate into cardiac myocytes. 6, 7 Several small randomized clinical studies have demonstrated objective increases in myocardial function after statins 8, 9 but this may not be a class effect. 10 Although angiogenesis could play a role in some of these actions, improvements in myocardial function have also been demonstrated in nonischemic cardiomyopathy.
We performed the present study to identify the effects of pravastatin on myocardial perfusion and ischemic myocardial dysfunction that are independent of cholesterol lowering. We used a well-characterized porcine model of collateraldependent myocardium resulting in hibernating myocardium from a chronic LAD stenosis. Because regional rather than global left ventricular (LV) dysfunction is present, the confounding role of statins on inflammation, cytokines, and neurohormonal activation in heart failure are absent. 11 In addition, because hypercholesterolemia and atherosclerosis are absent, the effects of pravastatin on angiogenesis were studied independently of inhibiting plaque progression and improving endothelium-dependent vasodilation. Our results demonstrate that pravastatin mobilizes BMPCs in hibernating hearts and promotes myocytes to reenter the growth and mitotic phase of the cell cycle. As a result, myocyte nuclear density is increased and myocardial function improves without a change in myocardial perfusion.
Materials and Methods
Procedures and protocols conformed to institutional guidelines for the care and use of animals in research. Detailed experimental and histological protocols are described in the online data supplement, available at http://circres.ahajournals.org.
Mobilization of BMPCs With Pravastatin
We initially assessed the dose dependency of pravastatin to mobilize BMPCs in normal swine using flow-cytometry (FACS, nϭ11). Baseline measurements were compared to those 2 weeks after daily treatment with low-dose (20 mg/d) or high-dose (160 mg/d) pravastatin. We assessed changes in peripheral blood (30 mL) as well as bone marrow (30 mL 
Effects of Pravastatin on Flow and Function in Hibernating Myocardium
Pigs were chronically instrumented with a 1.5-mm Delrin stenosis on the proximal LAD as described previously (online data supplement). 12 We performed baseline physiological studies 4 months after instrumentation (nϭ22) when hibernating myocardium with reductions in LAD wall thickening and resting LAD perfusion were present. Under propofol sedation, a Millar catheter was inserted into the left ventricle for microsphere injection. Regional wall thickening was assessed with transthoracic echocardiography. Microsphere flow was assessed at rest and following adenosine vasodilation. Animals were subsequently treated with pravastatin (160 mg/d, nϭ12) for 5 weeks and compared to untreated controls (nϭ10). At the end of the study, physiological studies were repeated and the heart was excised for 5-triphenyltetrazolium chloride (TTC), flow, and histological analysis.
Myocyte Nuclear Density and Morphometry
Samples from hibernating LAD and normal remote regions were fixed and paraffin-embedded. Trichrome-stained sections were used to quantify connective tissue. 13 Periodic acid Schiff-stained sections were used to quantify myocyte diameter, nuclear length, and regional myocyte nuclear density. Histological results in hibernating animals were compared to normal sham animals (pravastatin, nϭ10; untreated, nϭ5).
Quantitative Analysis of Myocyte Proliferation and CD133
؉ /cKit ؉ Cells
To identify myocyte proliferation, anti-Ki67 and anti-phosphohistone-H3 staining were performed. 14 CD133 ϩ /cKit ϩ BMPCs in myocardial tissue were quantified using confocal immunofluorescence (online data supplement). Preliminary studies demonstrated that tissue CD133 ϩ /cKit ϩ BMPCs were CD45 negative. To evaluate whether CD133 ϩ /cKit ϩ BMPCs differentiated into a cardiac lineage we costained BMPCs with GATA-4 and cardiac troponin I antibodies. 14 
Statistics
Data are expressed as meansϮSE. Differences between groups were assessed by 2-way ANOVA and the post hoc Holm-Sidak test. Temporal physiological changes between initial and final studies were assessed by paired t tests. PϽ0.05 was considered significant.
Results
Pigs were in good health at the time of study, and TTC staining showed no significant infarction. Initial physiological studies were performed 130Ϯ3 days after instrumentation and repeated 5 weeks after pravastatin (166Ϯ3 days).
Pravastatin Dose-Dependently Mobilizes CD133
؉ and cKit ؉ BMPCs Figure 1 summarizes flow cytometric data before and after low-and high-dose pravastatin for 2 weeks. There were no differences in circulating mononuclear cells 
Effects of Pravastatin on Function and Flow in Hibernating Myocardium
Hemodynamics (supplemental Table I ) and echocardiographic measurements of function (supplemental Table II) are summarized in the online data supplement. Hemodynamics were similar between treatment groups with the exception of LV end-diastolic pressure, which tended to be lower in animals receiving pravastatin. Pravastatin increased LAD systolic wall thickening (percentage WT, 28Ϯ2.8% versus 48Ϯ5.1% after pravastatin, PϽ0.05; supplemental Table II) with systolic excursion (ESWT-EDWT) summarized in Figure 2A. There were no differences in remote regions. Serial analysis of function within the same animal confirmed a similar improvement, with no change in untreated controls. Likewise, global function was normal and did not change after pravastatin (ejection fraction, 64Ϯ5% versus 69Ϯ2% after pravastatin; PϭNS). Although pravastatin improved regional function in hibernating myocardium, there was no effect on resting flow ( Figure 2B ). When analyzed in terms of relative full-thickness perfusion, relative reductions in resting flow (LAD/remote, 0.79Ϯ0.07 in pravastatin versus 0.70Ϯ0.05 in untreated) were similar, with no serial changes between studies in the same animal. Likewise, relative adenosine flow (LAD/remote 0.27Ϯ0.04 in pravastatin versus 0.23Ϯ0.02 in untreated) was not significantly different, nor were there serial changes over time. Thus, although pravastatin increased LAD wall thickening, there was no functionally significant angiogenesis.
Increase in Myocardial CD133
؉ and cKit ؉ Cells After Pravastatin
We analyzed myocardial tissue to determine whether the increase in circulating CD133 ϩ /cKit ϩ BMPCs produced corresponding increases in myocardial tissue levels ( Figure 3A and 3B ϩ and cKit ϩ cell levels that were independent of ischemia or LV dysfunction.
GATA4 Expression in CD133
؉ and cKit ؉ Cells
To identify whether CD133 ϩ and cKit ϩ BMPCs could differentiate into a cardiac lineage, they were costained for the cardiac transcription factor GATA4 ( Figure 4A , a). These were a small fraction of CD133 ϩ /GATA4 ϩ cells. They rarely coexpressed troponin I ( Figure 4A , b). Whereas CD133 ϩ / GATA4 ϩ cells increased after pravastatin (43Ϯ9 versus 8Ϯ5 cells/10 6 myocytes in untreated LAD; Figure 4B ), the proportion of CD133 ϩ BMPCs expressing GATA4 was unchanged (4.4Ϯ2.9% in untreated versus 6.2Ϯ1.6% in pravastatin; PϭNS). This indicates that increases in GATA4 ϩ BMPCs were secondary to mobilizing CD133
ϩ BMPCs to the heart and not from pravastatin enhancing the differentia- 
Increased Myocytes in the Growth Phase of the Cell Cycle After Pravastatin
We quantified the frequency of myocyte nuclei expressing Ki67, a marker of the growth phase of the cell cycle and phospho-histone-H3, a marker of mitosis ( Figure 5 ). Untreated hibernating animals had low values of Ki67 positivity (LAD, 410Ϯ82 nuclei/10 6 myocyte nuclei; remote, 285Ϯ88 nuclei/10 6 myocyte nuclei). After pravastatin, Ki67 positivity increased (LAD, 1261Ϯ235 nuclei/10 6 myocyte nuclei; remote, 969Ϯ132 nuclei/10 6 myocyte nuclei; PϽ0.05 versus untreated). Surprisingly, although CD133 ϩ and cKit ϩ cells increased in sham hearts, there was no increase in Ki67 positivity after pravastatin (LAD, 274Ϯ82 nuclei/10 6 myocyte nuclei, versus remote, 284Ϯ69 nuclei/10 6 myocyte nuclei; PϭNS versus untreated). Likewise, myocyte nuclear phospho-histone-H3 positivity was selectively increased in pravastatin-treated hibernating animals versus sham-treated animals (LAD, 43Ϯ7 versus 9Ϯ5 nuclei/10 6 myocyte nuclei; remote, 34Ϯ9 versus 6Ϯ3 nuclei/10 6 myocyte nuclei; PϽ0.05, respectively). Thus, pravastatin only increased myocytes in the growth phase of the cell cycle in diseased hearts.
Effects of Pravastatin on Myocyte Nuclear Density in Hibernating Myocardium
To determine whether increases in cell cycle markers led to myocyte regeneration, we assessed the effects of pravastatin on myocyte nuclear density ( Figure 6 ). Whereas LAD connective tissue was mildly increased in hibernating animals receiving pravastatin (LAD, 8.3Ϯ1.9%, versus remote, 4.1Ϯ0.7%; PϽ0.05), it was similar to untreated animals (LAD, 6.9Ϯ0.7%, versus remote, 4.5Ϯ0.2%, PϽ0.05; pravastatin versus untreated, PϭNS, respectively). In untreated animals, LAD myocyte nuclear density was reduced (LAD, 830Ϯ41 nuclei/mm 2 , versus remote, 1027Ϯ55 nuclei/mm 2 ; PϽ0.05), as we have demonstrated previously. 13 After pravastatin, LAD myocyte nuclear density increased from 830Ϯ41 to 1054Ϯ19 nuclei/mm 2 (PϽ0.01), but values remained significantly lower than normal myocardium (PϽ0.05). Measurements Figure 2 . Pravastatin improves regional function in hibernating myocardium. A, In hibernating myocardium, systolic LAD wall thickening (ESWT-EDWT) was depressed and significantly increased after pravastatin (160 mg/d) in comparison to untreated animals. There was no significant change in remote zone wall thickening. Similar changes were seen for percentage wall thickening. B, There was no effect of pravastatin on myocardial perfusion in hibernating myocardium.
of myocyte diameter (Figure 7 ) demonstrated that increases in myocyte nuclear density after pravastatin were accompanied by a reduction in myocyte size (mean diameter, 13.2Ϯ0.6 m, versus 15.7Ϯ0.4 m; PϽ0.05). The diameter of Ki67-positive myocytes was even smaller (11.9Ϯ0.2 m, PϽ0.05). Thus, the increase in myocyte nuclear density coupled with a reduction in myocyte size is consistent with myocyte proliferation after pravastatin in hibernating myocardium. ϩ /cKit ϩ BMPCs coexpressing GATA4 remained fairly constant (4.4Ϯ2.9% vs 6.2Ϯ1.6% after pravastatin), the increase reflected a greater total number of CD133 ϩ / cKit ϩ cells in the tissue ( Figure 3B ).
Discussion
There are several important new findings from our study. First, pravastatin dose-dependently increases CD133 ϩ and cKit ϩ cells in bone marrow and blood. This leads to corresponding increases in myocardial tissue from normal and diseased hearts. Second, in hibernating myocardium, pravastatin improves regional wall thickening with no demonstrable effect on myocardial perfusion, indicating that functional improvement is independent of angiogenesis. Third, immunohistochemical analysis of myocardial tissue demonstrates that improved function is accompanied by an increase in myocytes in the proliferative phase of the cell cycle. This leads to corresponding increases in myocyte nuclear density and reductions in myocyte diameter in hibernating myocardium. Although statins mobilized CD133 ϩ and cKit ϩ BMPCs to normal hearts, evidence of cardiac myocyte proliferation was absent. Collectively, the observations are consistent with the notion that chronic mobilization of CD133 ϩ /cKit ϩ BMPCs with pravastatin leads to significant myocyte regeneration in diseased hearts.
Mobilization of BMPCs and Localization in the Heart
There is now substantial support for the notion that BMPCs can facilitate myocyte regeneration under selected conditions. Orlic et al demonstrated the ability of cKit ϩ bone marrow cells injected into murine infarcts to regenerate myocardium. 15 In a subsequent study, myocyte regeneration was effected by mobilizing BMPCs with stem cell factor and granulocyte colony-stimulating factor. 16 Although controversial, the ability of BMPCs to repair the heart in humans is supported by myocyte chimerism in transplant recipients. 17, 18 This, as well as other preclinical work, stimulated rapid translation of these findings to early clinical trials using a variety of largely unfractionated intracoronary and intramyocardial adult bone marrow preparations in patients with myocardial infarction.
Although the therapy appears safe and functional effects are generally favorable, the magnitude of improvement is modest (reviewed in a recent metaanalysis 19 ). Importantly, BMPC mobilization strategies using granulocyte colonystimulating factor in humans have not demonstrated significant functional improvement. 20 Thus, myocardial homing, as well as mobilization, is required for a physiological effect.
Our results demonstrate that pravastatin affords an alternative approach to effect bone marrow-mediated cardiac repair. Because statins have been demonstrated to mobilize EPCs, previous basic and clinical studies have focused on evaluating their effect on angiogenesis and vasculogenesis rather than myocyte regeneration. A variety of HMG-CoA reductase inhibitors can mobilize bone marrow-derived CD34 ϩ and CD133 ϩ EPCs. These can differentiate into endothelial cells and have been demonstrated to improve perfusion in the severely ischemic murine hind limb model. 21, 22 Dimmeler et al demonstrated that simvastatin can also increase bone marrow cKit ϩ cells. 22 Previous studies have established that EPC mobilization involves activation of the phosphatidylinositol 3-kinase/Akt pathway by statins. 22, 23 Our results extend these studies in swine by showing a parallel dose-dependent increase in cKit ϩ and CD133 ϩ cells in bone marrow and blood. This supports the notion that the primary action of statins is to increase the proliferation of CD133 ϩ and cKit ϩ cells in bone marrow. It is also possible that CD133 ϩ /cKit ϩ BMPCs arise from other tissue reservoirs which will require further study. The corresponding global increase in myocardial CD133
ϩ and cKit ϩ cell levels in normal as well as hibernating hearts is probably a function of their circulating concentration. Although the number of CD133 ϩ /GATA-4 ϩ and cKit ϩ /GATA-4 ϩ cells increased, pravastatin did not enhance differentiation into a cardiac lineage because the percentage of GATA-4 ϩ cells was unchanged.
Lack of Effect of Pravastatin on Perfusion in Hibernating Myocardium
Mobilization of EPCs can salvage tissue in rodent hind limb ischemia models via increases capillary density, suggesting small vessel proliferation. The ability of statins to increase myocardial perfusion is less clear. Indeed, this question provided the initial rationale for our study, where pravastatin was anticipated to improve perfusion to collateral-dependent hibernating myocardium. Surprisingly, there was no difference in resting or vasodilated flow in LAD or remote myocardium after pravastatin (online data supplement). Likewise, relative perfusion differences between LAD and remote regions were unchanged. Although we did not assess anatomic variables such as capillary density, the failure of coronary flow to increase in ischemic myocardium supports the notion that statins do not have any meaningful effect on coronary collateral resistance vessels. Dissociations between flow and capillary density can occur because the latter vessels contribute negligibly to coronary vascular resistance. 24 Nevertheless, because there were small increases in end-diastolic wall thickness after pravastatin (Ͻ15%), we cannot exclude the possibility that angiogenesis matched to changes in regional mass occurred.
A potential explanation for the failure of pravastatin to increase perfusion may relate to a biphasic dose-dependent effect on angiogenesis. Weis et al found that low-dose cerivastatin or atorvastatin potentiated endothelial cell proliferation, whereas higher doses inhibited it. 25 In vivo, Boodhwani et al demonstrated that high-dose atorvastatin (1.5 mg/kg per day) impairs collateral development in normocholesterolemic swine. 26 Our findings are similar using a less potent HMG-CoA reductase inhibitor. In disease states where endothelium-dependent vasodilation of coronary resistance vessels is impaired, such as atherosclerosis, statins may have important beneficial effects in improving endotheliumdependent vasodilation of resistance arteries, including collateral resistance vessels. 24 These functional effects rather than de novo arteriogenesis or vasculogenesis likely contribute to the well-known improvement in symptomatic myocardial ischemia after administering statins to patients. 27 
Effect of Statins on Myocardial Function
Previous animal studies have demonstrated beneficial effects of statins on global myocardial function in a variety of models of heart disease. In general, all have used high doses of statins that greatly exceed the pharmacological range used in humans (eg, 20 mg/kg simvastatin per day). These are also even higher than doses demonstrated to impair angiogenesis in vivo and in vitro. In rodent models of infarction, statins improved global LV function by preventing deleterious LV remodeling without reducing infarct size. 28 -31 Statins have also been demonstrated to prevent the progression of hypertrophy following angiotensin infusion and aortic banding 32 and to prevent heart failure in genetic models of cardiomyopathy. 31 Studies evaluating the effect of statins on heart failure in large animals are limited. In dogs with heart failure, Figure 6 . Pravastatin increases myocyte nuclear density in hibernating myocardium. There was a regional reduction in LAD myocyte nuclear density in untreated hibernating animals that was greatest in the subendocardium. After pravastatin, LAD myocyte nuclear density increased but remained significantly lower than values found in normal sham animals. This demonstrates a cumulative increase in myocytes after 5 weeks of pravastatin. statins attenuate the rate of decline in LV function in pacing-induced cardiomyopathy 33 and cardiomyopathy attributable to coronary microembolization. 34 In general, mechanistic insight has largely focused on the ability of statins to improve NO signaling and reduce circulating markers of inflammation. None of the previous studies has elucidated a quantitative contribution of statins to myocyte regeneration.
Our results demonstrate that pravastatin increases regional function in hibernating myocardium in the absence of infarction or heart failure. Although functional improvement was not related to improved perfusion, it was accompanied by an increase in regional end-diastolic wall thickness and an increase in myocyte nuclear density. Resolution of myocyte cellular hypertrophy in LAD myocardium could also contribute improved wall thickening. Thus, the mechanism of improvement appears to be related to myocyte regeneration that restores regional myocyte loss from apoptosis during the development of hibernating myocardium. 13 Although clinical trials in hibernating myocardium are lacking, Gheorghiade et al reported a dramatic serial functional improvement in a patient with hibernating myocardium from a chronic LAD occlusion after simvastatin. 35 
Statins Increase Myocytes in the Growth Phase of the Cell Cycle in Diseased Hearts
We found that statins increased myocytes in the proliferative phase of the cell cycle in a fashion similar to that which we have reported after intracoronary administration of AdvFGF-5. 14 Although this was accompanied by a global increase in myocardial tissue CD133 ϩ and cKit ϩ BMPCs, increases in myocyte Ki67 and phospho-histone-H3 staining were restricted to hibernating hearts. The possibility that increased circulating CD133 ϩ /cKit ϩ BMPCs leads to increased myocyte regeneration is unlikely because pravastatin increased CD133 ϩ /cKit ϩ BMPCs but did not cause myocyte proliferation in normal hearts. Thus, additional myocardial factors are probably required to stimulate myocyte proliferation. Because Ki67 increased in the remote myocardial region of hibernating hearts, as well as the dysfunctional LAD region, the stimulus is global. Circulating factors related to neurohormonal activation such as elevated catecholamines, angiotensin, endothelin, and cytokines are plausible but seem unlikely in this model because global function is normal and hemodynamic evidence of neurohormonal activation is absent. A more likely possibility is that a factor released following transient myocardial ischemia recirculates to normal as well as ischemic myocardium. Alternatively, it is possible that myocardial stretch related to increased preload stimulates the expression of preload-induced myocardial growth factors and genes that facilitate myocyte proliferation in conjunction with the increase in tissue CD133 ϩ and cKit ϩ cells. 36 Additional studies will be required to address these possibilities directly. Finally, although statins could have increased myocyte number by inhibiting apoptosis, we have previously demonstrated that apoptosis has returned to baseline 4 months after instrumentation in this model, which is the time frame over which the present studies were conducted. 14 The actual origin of cycling myocytes cannot be unambiguously determined from our study. One possibility is that the CD133 ϩ and cKit ϩ cells differentiate directly into cardiac myocytes. 37 This is supported by the observation that a portion of them express GATA4 and troponin I. Another possibility is that CD133 ϩ and cKit ϩ cells stimulate resident cardiac stem cells (CSCs) to proliferate with Ki67 ϩ myocytes arising from CSCs, as has been suggested after administration of mesenchymal stem cells. 38 It is also plausible that CD133 ϩ and cKit ϩ cells fuse with cardiac myocytes and facilitate their reentry into the growth phase of the cell cycle. 39 Finally, paracrine factors released from CD133 ϩ and cKit ϩ cells could stimulate CSC proliferation or facilitate myocytes to reenter the cell cycle. 40 Additional studies using models using genetic fate mapping and stem cell tracking will be required to address these possibilities. 36, 41 Although the precise signaling is unknown, the increase in myocyte nuclear density, smaller myocyte size, and improvement in regional function demonstrated in vivo all suggest an effect of pravastatin on myocyte regeneration.
Clinical Implications
Our results support the hypothesis that the improvement in ejection fraction in patients with heart failure previously demonstrated with simvastatin 8 and atorvastatin 9 may result from stimulation of endogenous cardiac repair mechanisms. Nevertheless, this may not be a class effect, as evidenced by the failure of the extremely potent drug rosuvastatin to improve ejection fraction. 10 In concert with the latter study, the recently completed large placebo controlled clinical trials of rosuvastatin in patients who have predominantly class II and III heart failure with depressed ejection fraction (CORONA 42 and GISSI-HF 43 ) have failed to show any impact of this drug on cardiovascular mortality. Results of rosuvastatin on serial function in these studies have not yet been reported. Individual statins likely vary in their ability to affect myocardial function through differential potency (or dose range), as well as their ability to affect relevant pleotrophic pathways (eg, upregulation of Akt or inhibiting myocardial proliferative pathways such as Rho, Rac, and Ras). Finally, age-related impairment in cardiac stem cell repair mechanisms may be important, 11 and the clinical trials have focused on elderly patients with heart failure (mean ages of 68 to 73 years) versus younger patients in small positive studies using myocardial function as an end point.
In summary, our study demonstrates functional improvement in hibernating myocardium after pravastatin that is independent of angiogenesis or atherosclerotic plaque regression that occurs in the absence of a proinflammatory state or neurohormonal activation. Beneficial effects may be absent when infarction rather than hibernating myocardium predominates because residual perfusion to scar is low. Nevertheless, because patients with ischemic cardiomyopathy usually have patchy fibrosis averaging Ϸ20% of LV mass, our observations may be very relevant to understanding statin-mediated functional improvement in nonischemic cardiomyopathies, as well as settings where dysfunction from reversible ischemia and LV remodeling play major roles. Finally, the ability of statins to mobilize circulating BMPCs may be an important variable to consider in understanding the independent effects
